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ANNOTATION 


We will discuss data existing in literature on errors 
in establishing the temperature of the underlying surface and 
vertical profile of temperature according to deteriorating 
radiation of the Earth, in the 15 yni CO2 absorption band und 
and in the 10-12 pm "transparency window" which involves the 
fact that aerosol attenuation was not considered. The experi- 
mental data reveal the significant contribution of the aerosol 
to total radiation attentuatlon whereas j according to the re- 
sults of model calculations, the errors in establishing tempera- 
ture caused by the aerosol do not exceed the Infrared in most 
cases. This disparity is explained by the existence of fairly 
dense aerosol formations (transitory in optically thin cloudi- 
ness) in the cold layers of the atmosphere. Evaluations are 
made of the relationship of magnitude of establishment error to 
location and optical thickness of the aerosol layer (numerical 
experiment), 


ii 



THE EFFECTIVE AEROSOL ATTENTU. TION ON DETERMINATION 
ERROR OP OCEAN AND ATMOSPHERE TEMPERATURES 
BY REMOTE METHODS. 

Academy of Sciences USSR 


Introduction /l ^ 

Experience in determining the temperature of the underly- 
ing surface Tq and the vertical profile of the temperature of 
the atmosphere T (5) according to measurement of. intrinsic 
Earth radiation in the infrared range of the spectrum from 
satellites (see, for example, [1,2]), attests to the strong 
effect of aerosol attenuation of infrared radiation on pre- 
cision in solving these prollems (? is altitude in relative 
units of pressure). This same conclusion follows from an 
analysis of results of ground and spacecraft measurements of 
spectral transmission of solar radiation of the atmosphere in 
"windows” in the infrared range of the spectrum [3,^], and also 
from analysis of certain aircraft and spacecraft measurements 
of intrinsic radiation of the atmosphere in these windows [5, 

6 ]. 


Errors in determining Tq and T (g) involving neglect of 
aerosol attenuation in the 10-12 ^m window and in the 15 |jm 
CO 2 band, according to this data, can exceed 10°C for a visually 
cloudless atmosphere. According to the data of this same work 
[ 7 , 8 ], in which aerosol atmosphere models are used, based on 
measurements of vertical profiles of concentrations of particles 
[ 9 , 10], which indicate that errors do not exceed 1°C (even 
for a very murky atmosphere, determination error for Tq can 
reach 2®C). 


^Numbers in the margin indicate pagination in the foreign text. 



Such Blgnificant differences in the estimates of the 
effect of aerosol attenuation In the problems of a hermetic- 
ally sealed probe of the atmosphere require consideration of 
the possible causes for tjhese differences. This Is the pur- 
pose of this article. However, before getting into such an 
analysis, it is necessary to propose fairly specific criteria 
which would make it possible to delimit the concept of the 
aerosol and optically thin cloud layers existing in the at- 
mosphere. As such a criterion, one can take the maximum dif- ^ 
ference in variation of optical thickness of a vertical 
column of the atmosphere Axy, usually obtained in ground 
measurements of spectral transmission of radiation of a cloud- 
less atmosphere in the infrared range "windows" for each fixed 
value of atmosphere containing moisture W with fairly close 
vertical profiles of temperate T (O and moisture q ( 5 ) (v is 
frequency). As the results of these measurements show [2,i|], 
for the 10-12 pm window, Atv reaches a value of 0.3-0.i| pm when 
W = 1.4 cm. 

Let us note that the minimum value of optical thickness 
of a vertical column of atmosphere which can be considered as 
the maximum possible (with the indicated values of W) values 
of optical thickness of vrater vapor xyf consist of 0.1-0. 4 for 
the 10 pm and 0.15-0.6 for the 12 pm. Thus, as the upper 
boundary of optical thickness of the aerosol x = Axy in 10- 
15 pm spectrum one can assume for definiteness, x max = 

0.4. ^ 


Existing Estimates of Aresol Effects 

Estimates of the effects of aerosols on intrinsic radia- 
tion of the atmosphere in the 15 pm CO 2 band field, obtained 
in reference [ 7 ], were based on calculations of radiation in- 
tensity in seven spectral intervals of the 15 pm COg band 
( 668 . 7 , 679 . 8 , 692 , 701 , 709 , 734, 750 cm“l) and in the 
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899 window, which were used in the satellite Infrared 

radiometer, the Nimbus-III, for determining T ( 5 ). Calcula- 
tions were made for models of bright (molecular) and cloudy 
atmospheres. Measurements of vertical profiles of particle ^ 
concentrations of aerosol N (c), presented in [93 up to an 
altitude of ^ 30 km for three stations at high, average and 
low latitudes, and intermediate measurements of the vertical 
profile of the coefficient of aeropr»x attenuation 3 ( 5 ) at a 
wavelength of X » O .55 tm in the 3-3^ 5<m layer of atmosphere 
[IC [iskusstvennyy sputnik, artificial satellite]] were taken 
as the basic mode] for a cloudy atmosphere. According to these 
measurements and according to radio sounding balloon data [7]» 
four models of vertical profiles were constructed N ( 5 ), T (c) 
and q (g); and here, in all the profile models N (g) for the 
layer 5 = 0.6-1, by extrapolation N from c= 0 . 6 to 5 =l 
according to the exponential law to a given value N (1) « 
l8il0 cm”3 was constructed corresponding to visibility distance 
L = 2 km when X = 0.55ywn. The optical parameters (coefficients 
of attenuation, optical thickness and indicatrlx of diffusion) 
for these models of the atmosphere were calculated using distri- 
bution of particles by dimension, characteristic for a 
"maritime" aerosol model [11], which gives the highest value of 
optical thickness of the aerosol for a given concentration of 
particles N ( O • 

For a spectral range of 668-750 c.m"^, the optical thick- 
ness of aerosol absorption varied for the model [9] in a range 
of 0.12-0.lt| and model [10] — in limits of 0.17-0.18. 

The optical thicknesses of aerosol diffusion in this ranse 
for both models amounted to a value on the order of 0.01. For 

•1 

the 899 cm“ window, the value t_ approximately equals 0.l4 
was taken. Calculation of in reference [ 7 ] for these at- 
mospheric models showed that disregarding aerosol attenutation 
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leads fco a decrease in 1 ^^ of not more than 0 , 6 ^ in the COg 
band (757 cm“^) and not more than 1 . 6 % in 899 cm”*^ window. 

Mean quadratic errors in determining T ( 5 ) caused by such 
errors in lA^, amount to 0.4°C for the N ( 5 ) profile ClO] and 

0.7®C for the N (|) profile. f9j. Maximum errors reach 1. 7°C for /4 
the smallest mean quadratic error 2.5°C in determining T (c) 
by a method of minimum information used [ 7 ], 

Similar results were obtained in reference L 8 ] for evalu- 
ating error in determining for radiation and the 11.2 ipm 
window caused by aerosol attenuation. The authors of reference 
[ 8 ] made calculations of in this window for 135 models of 
a cloudy atmosphere constructed in the following way. 


1. Distribution of particles by dimension were taken 
according to Young 


dW _ 

Hr - 


cr 


-V 


( 1 ) 


for three values of the parameters and three ranges of measure- 
ments of particle radii r, for whlch^ in reference [ 12 ], all 
of the optical parameters of the aerosol are calculated. 


2 . Vertical profiles of the concentration of aerosol 
particles are taken in reference [ 18 ] for models of a bright, 
cloudy and very cloudy atmosphere characterized by values of 
visibility at a distance from the surface of Earth L = 23; 5 and 

ri. 

1 km, respectively, and besides the last model is constructed 
by extrapolation of the value of N for a cloudy atmosphere 
with a level of 1 km at the value N from the Earth's surface, 
corresponding to L = 1 km. 


Optical thicknesses of the aerosol for these models 

a 

in the 11.2 ym window reached \alues of O.O 66 , 0,2l6, 0.451 
for bright, cloudy and very cloudy atmospheres. 
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3. Each of the 27 models of the aerosol atmosphere are 
combined with five vertical profiles of temperature charac- 
terized by tropical, central and high latitudes for summer and 
winter; for this, in reference [ 8 ] was calculated at a 
level of 20 km. 

The differences between radiation temperature T^, correspond- 
ing' to calculations of and initial temperature of the 

Earth's surface T^, the characteristic errors can be caused 
by the existence of aerosol attenuation of intrinsic radia- 
tion of Earth in the window being considered. According to 
analysis in [ 8 ] in the very unfavorable case of a very cloudy 
atmosphere when V = 3.5 and the range r = 0,08-10 ym, this 
error reaches 2 *^ 0 , that is, close to the estimate in reference 
[ 7 ], although the maximum in these references differ:- by 

a 

more than two times and the concentration of particles at the 
Earth's surface by a magnitude of 2. 

It is not difficult to discover the cause for small errors 
in determining T (g) and T^ caused by aerosol effects and the 
low sensitivity of deteriorating radiation to such large vari- 
ations in aerosol parameters. It is common in the character 
of vertical distribution of concentration of particles in 
models of cloudy atmosphere taken in references [7,8]. The 
point is that with such profiles of N (O practically all of 
the aerosol is concentrated in the boundary layer of the at- 
mosphere with thickness 1 km (5 = 1 - 0 . 9 ), and 
consequently the optical thickness ( 1 , 0 . 9 ) of this layer 
is close to full optical thickness and optical thickness 

d. 

of the overlying layer (0, 0.9) « 0 . Then, temperature T 

a. 

(g) in the boundary layer in the models considered in [ 7 j 8 ] 
change comparatively little (not more than 5-7°C). 
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If, for these conditions, one considers the process of 
transformation of radiation of the Earth's surface (T^) 
with Its passage through an aerosol boundary layer of the 
atmosphere (maximum effect of such transformation will be, 
naturally, detected In "transparency windows"), then one can 
say that the aerosol attenuation 3^ almost completely 

compensated for by aerosol radiation of the boundary layer 
and this compensation does not depend on the degree of cloudi- 
ness of the latter. 


Indeed, In the expression 




coupled with 




and optical thickness of the t_ (0,t) layer from the current 

a 

level t to the upper boundary of the atmosphere C ■ 0, the 
Integral member which describes radiation of the atmosphere 

can be presented In the form of the second component: 

i 

c,3 o 

(for simplicity, the "window" will be considered where P = I). 


For the models of an aerosol used In [7,8], the second 
component which describes radiation of the layer of atmosphere 
above the boundary, will be somewhat neglected In comparison 
v;lth the first member which describes radiation of the boundary 
layer of the atmosphere. Radiation of this layer can be pre- 
sented In the form 



^p(CyO,5)-^exp(-'^c^ 



(3) 
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where T Is the temperature on a certain level of the boundary 
layer close to T^. 

Then, with a certain degree of precision, from formulas 
(2) and (3) we find: 

IcJ 0} Oi O.S)]^BJfh saz) 

from which, obviously, follows the proximity obtained In [7,8] 

of radiation temperature (1) to P^. From the relationships 

(2) and (3), It Is obvious that the error AT - T -T will de- 

r o 

crease with a decrease In the temperature gradient of the 
boundary layer with a fixed state of the atmospheric model 
aerosol or with a decrease In optical thickness of the layer 
of the atmosphere lying above the boundary layer with a fixed 
profile of T (c). Such relationships for AT are Just like 
those obtained In [8], It Is completely obvious that with such 
a consideration of relationships (2) and (3) for the 15 wm CO 2 
band, the aerosol effect In the atmospheric models: [7,8] will 
be as small as before, Inasmuch as In the fields of fairly high 
absorption of CO 2 molecules, radiation will be generated 
by high layers of the atmosphere with a low concentration of 
aerosol . 

On the basis of the analysis presented and a comparison 
of the results of calculations [7,8] with materials for de- 
termining the temperature analysis according to measurements 
of In the 10-12 um window which Indicate [Illegible] 
errors of AT ■ T^, -T^ exceeding 2°C for a visually cloudless 
atmosphere (see, for example, [1,2]), can lead to the follow- 
ing conclusion. The most probable cause of large errors of 
thermal probing of the atmosphere can be the existence of 
aerosol layers with fairly large optical thickness at differ- 
ent altitudes In low temperature fields (for example, at 



levels of condensation, in the uppsi’ troposphere, in the 
tropopause), Then, due to the large difference in tempera- 
ture on the Earth's surface and at these levels, the aerosol 
effects can be significant. 

Analysis of the Effects of Aerosol Layers 

The layers of atmospheric particles formed a^’e caused by 
existing temperature inversion at different levels and are 
characterized by stratification of the atmosphere under the 
inversion [13]. ^he effect of such layers on intrinsic radia- 
tion of the atmosphere was observed from aircraft with simultan- 
eous measurements of vertical profiles of atmospheric radiation 
in the 10-12 [»m window and the coefficient of diffusion a 
in the visible field of the spectrum with maximum c at 1-2 km 
levels [53. Layers were also found at altitudes of 1-2 and 
i|-6 km when determining vertlp?! profiles of optical thickness 
T_ (c) according to measurements of angular distributions of /8 
I^v from onboard a spacecraft in the tropical region of 
the Atlantic [6], 

Such layers are the inevitable forerunners of optically 
thin clouds which are the largest source of uncontrolled errors 
in determining T (s) and T^, Inasmuch as such clouds cannot 
be detected according to measurements of radiation from 
satellites or even by pictures in the visible or Infrared 
zones of the spectrum. Pur this reason, the criteria mentioned 
in the introduction of division of aerosol Dayers and optically 
thin clouds is conditional in the concept tliac the analyses 
presented below of error in determining T ( 5 ) and T , due to 
the aerosol, can be considered as estimates of similar effects 
of thin cloudiness. It is clear that the methods of calcula- 
tion of aerosol effects in problems of thermal probing of the 
atmosphere must automatically provide a calculation of analogous 
effects of an optically thin cloudiness. 
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For esfclmates of error in eGtablishlng T (O Involving 
noncalculation of the aerosol effect on deteriorating radia- 
tion, the following numer'^'jal experiment was conducted. Ac- 
cording to a given profile of T (c) and values of optical 
thickness of the aerosol layer located at a given height, 
according to formula ( 2 ), the values of 1 ^^ were calculated 
and in 6 Intervals of 15 Min of the COg bands with centers: 
670, 690, 702, 738, 760, 830 cm”^ transmission functions for 
COg P^^^2(5) calculated with averaging for 5 cm"^ taken from 
reference [ 153 * Xn all cases, it was considered that the 
underlying surface is absolutely black and its temperature 
coincides with the temperature of the lower boundary of the 
atmosphere. The aerosol is assumed to be gray, that is, 
does not depend on frequency in the range of the spectrum 
section being considered, 670-820 cm” . Also, only models 
of aerosol stratification were considered in which the entire 
aerosol was concentrated in a comparatively thin uniform 
layer between any two levels in the atmosphere. Such a model 
makes it possible to discover the relationship of the value 
of the aerosol effect to the altitude of the layer. 

On the numerical value of random measurement error 

is "applied": = 0 , /e^ ■= 1 erg/cm cm" steradlan 

second, which amounts to 1 - 2 ^ of the value of depending 

on V. 


The inverse problem was solved according to measurements 
of the values of — the profile of T (O was established 
calculating only absorption of carbon dioxide. The establish- 
ment was conducted by a method of statistical regulation [ 1^3 
in two variations: 1 ) along the 670, 690, 702 , 730 cm channel 

and 2 ) along the entire sixth channel. Then, statistical 
probability of the temperature field from [ 16 ] was used (Berlin, 
summer). The method of statistical regulation frequently uses 
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profeabillt:/ informati©ri for solution, and probably Is the 
most reliable as far as error in assigning the kernel of the 
integral equation in Gomparlson with methods used with a 
smaller volume of probability Information (see, for example, 
[17]. The profiles of f (O for Which the Galeulations were 
made were selected in the form of expansions along the intrin- 
sic vector of the correlation matrix of the temperature field 

^TT ^^1* 


Here t is deviation Of a given profile from the average. 


-1 is the intrinsic Vector, 
distributed aeeordlng to normal law: 
intrinsic number of the matrix Ijip. 


is random numbers 
Galeulations were made 


th 


for 12 realizations of T (c), Ineludlng the average profile 
of (?) t 0. Precision in establishment Was determined 


according to two parameters, the mean quadratic error of 


establishment a .. for all levels and error in establishment 
of temperature of the underlying surface At (1). 


It is well known that the precision of the statistical 
regulation method with the same measurement errors is identi- 
cal for different profiles of t (?). It is the best for pro* 
files close to the average and decreases as one gets farl^her 
from the mean profile. Therefore, the results of numsrical 
experiments will be demonstrated for an example of establishing 
three different profiles including mean climate f (f). These 
profiles are established by a Glosed system with different 
precisiGn, At (1) and f©r them for both variations of 

the solution (according to a closed system) are presented in 


table 1. If the mean climatic profile is established accord- 
ing to a closed system along the sixth channel with - 

Q.3K, then the profile of t^ (?) is established under the same 


conditions with ^ 2.7^K. 


Such an establishment error is 



close to the upper limit of possible errors in establishing 
t (O according to the closed system. One notes that the use 
of the 700 and SCillegiblle] cm”^ channels, each of which is 
on the edge of a band, provides stability for establishing 
t (I) according to a closed system in all cases, inasmuch as 
in these channels, the atmosphere is very transparent and 
radiation in them is formed in the ground layer of the atmos- 
phere. 


Four cases of location of an attenuated layer are con- 
sidered: 

a) below 800 mb; 

b) between 650 and 500 mb; 

c) between 100 and 300 mb; 

d) between 100 and 200 mb. 

Figure 1 shows profiles of: T^, and Tg and the position 
of the layer in all four cases. 


The relationship of andAt(l) to in a case where 

the layer is between 400 and 3 OO mb for t^, t^ and tg, is shown 
in figure [illegible] and 2b. In all cases At(l) depends on 


much more strongly than This attests to the fact that 

the aerosol effect occurs more strongly as a whole in the lower 
layers of the atmosphere. Using the 830 and 760 cm channels 
provides a stable establishment of At(l) in a case where the /II 
kernel is precisely known and at the same time results in in- 


creasing the relationship to with the presence of additional 

a, 

absorption. It follows from figure 2 that the absolute magni- 


tude of the aerosol effect hardly depends on the distance of 


the true profile from the mean. In cases of profiles of t^ 
and t^, the course of as a function of is approxi- 

mately uniform. The weak relationship of to in the case 
of Tg is explained by the fact that in this case, the tempera- 
ture drop between the layer and the underlying surface is 
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somewhat smaller. With an increased altitude in the position 
of the layer (corresponding to a decrease in its temperature), 
its effect increases. Table 2 shows the value of necessary 

a 

for a change in and At (1) of 1° Kelvin in each case. 

The tracings of a in the graph for levels of the 1000~800 mb 
layer mean that even at = « (completely nontransparent 
layer) precision in establishing, on the average, changes less 
than at 1°K. At the 200-100 mb level for this, in order to 
worsen the establishment, it is adequate to have a layer with thick- 
ness 0.06-0.1. For discovering the ground temperature 0.02- 
0,03 thickness is adequate. One can assume the existence of 
layers with such thickness at the level of the tropopause. 

This can be [illegible] smoke for example. 

The relationship of errors in establishment from the level 
of position of the layers is illustrated in figure 3 (a and b). 

The errors indicated of establishing the average profile for 
various altitudes of the layer with negligible optical thick- 
ness = 0.1. Measurement errors in this case were zero so 

ci 

that the deviation Indicated from the mean profile ("true") is 
explained only by the [illegible] layer. Here, errors in 
establishing the mean profile t^ (?) was established according 
to [Illegible] system with measurement error at 1-2^. It 
is apparent from the drawing that in this case, when the aerosol 
is concentrated in the low layers (curve 2), its effect on 
establishing t (c) is not great. 

For Increasing the altitude of the layer, errors 
in establishing their entire levels increase, One finds /12 

temperature in the lowest layers strongest of all. It is ap- 
parent that in this case, when the aerosol is concentrated 
close to the ground surface (between 1000 a,nd 800 mb) additional 
attenuation does not occur. The layers at the level of the 

tropopause seek the temperature of the ground surface at almost 

"1 

5°K. Moreover, when using the 700 and 820 cm channels, 
errors in establishing increase somewhat. 
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Prom whafc has been presented above, one can make the 
following conclusions. 

1. The actually existing aerosol formations can signifi- 
cantly decrease precision in establishing a temperat ^re profile 
in the atmosphere. The high aerosol layers have a particularly 
strong effect, 

2. The use of sections of the spectrum lying at the 
edge of the band in a murky atmosphere cause a decrease in 
precision in measuring the inverse problem. 


ORIGINAL page to 
OF POOR QUALITY 


13 



Bibliography 


/13 


1. Malkevlch, M.S., Optlcheaklye Issledovanlya abmosfery 

30 sputnlkov [Optical Study of the Atmosphere from 
Satellites] Nauka Press, (1973). 

2. Gorodetskiy, A.K., "Methods, results and errors in de- 

termining temperature of the underlying surface by 
measuring deteriorating radiation in the 10.5''H.5 
ym spectrum field from the Cosmos-320 satellite," in 
the collection Kosmicheskaya strela, Nauka Press. 
a97it). 

3. Malkevich, M.S., A.K. Gorodetskiy, A.P. Orlov, A. I. 

Chavro and A.Kh. Shurkurov, "Complex method of 
studying the contribution of water vapor to trans- 
mission of the atmosphere into 8-13 yra transparency 
windows," T r. ^)G0 . 369, (1976). 

Malkevich, M.o., Yu.S. Georgievskiy, G.V. Rosenberg, 

A, I. Chavro and A.Kh. Shukurov, "Transparency of the 
atmosphere in the infrared region of the spectrum," 
lav. AN SSSR, FAQ 9/12 (1973). 

5. Orlov, A.P., V.V. Badayev, A.K. Gorodetskiy and M.S. 

Malkevich, "Aircraft studies of vertical profiles of 
infrared radiation in the 10-12 ym 'window'," Izv. 

AN SSR, FAQ . 3^/17. 

6. Badayev, V.V., Ye.M. Kozlov, A.P. Orlov and M.S. Malkevich, 

"The connections of angular relationships of intensity 
of descending radiation with a vertical structure of 
the aerosol in the atmosphere," Izv. AN SSR, FAQ (in 
the process of publication). 

7. Stowe, L.L. , "Effects of Particular Matter on the Radiance 

of Terrestrial Infrared Radiation; RESULTS," J. Atm . 

Scl . , 31, (197^). 

8. Jacobovltz, L., K. L. Coulson, "Effects of Aerosol on 

the Determination of the Temperature of the Earth's 
Surface from Radiance Measurements at II. 2 mkm," 

NOAA Techn. Rept . NESS66 , Sept. 1973. 

9. Rosen, J.M. , "Simultaneous Dust and Ozone Soundings over 

North and Central America," Rept. N. 68-ll4l^l, Atmos . 

Fhys . , 25, University of Michigan U9b7). 

10. Elterman, L. , "UV, Visible and IR Attenuation for Altitudes 

to 50 km." Environ. Res. Paper, No. 285, AFCRL-68- /li\ 
0153, 1968. 


14 


11. Diertnendjlan, D., "Electromagnetic Scattering on Spheri- 

cal Polidisperslons j " New York, Elsevier, (I 969 ), 

12. 25el'manovich, I.S. and K. S. Shlfrln, Tablltsy po 

svetorasseyanyu [Tables on Light Scattering J , v, LV, 
Leningrad GMI (1971)* 

13 . Selezneva, Ye.S., Atmosfernyye aerozoll , [Atmospheric 

Aerosols], Leningrad GMI (i9'6'6). 

li|. Turchin, V.P., V. P. Kozlov and M.S, Malkevich, "The use 
of methods of mathematical statistics for solving 
Incorrect problems," UPN , 102, no. 3. 

15 . Drayson, S.R., "Atmospheric Slant Pass Transmission in 

the 15 mkm COp band," Techn, Kept. 05863 - 6 -T . Univ. 

Mich, Dept. Aer. and Astr. Engng. , November, 196^1. 

16 . Spankuch, D., W. Dohler, Statlstlche Characterla t ka der 

Vertlcalprof lie von Temperatur und Ozone und Ihre 
Kreuzkorrelatlon uber Berlin , 

Geod. Geoph. Veroff . RII, H19 (1975). 

17 . Chahine, M.T., "Determination of Temperature Profile in 

Atmosphere from Its outgoing Radiation," J. Opt. Amer, 
y. 58, No. 12 , 1968. 

18 . MoClatchey, R.A., Penn, R. W. , et al,, "Optical Properties 

of the Atmosphere", (revised), Env. Res. Papers , No. 35^ i 
APGRL-71, Opt. Phys. Lab., Bedford, Mass,, 1971. 


15 



Table 1. 


/15 


Mean Quadratic Errors in Establishment and Errors In 
Establishing Temperature of the Underlying Surface 
j^) of the t^, tj^ and tg Profiles (Closed System 
y - 1 erg /cm^ . s . cm“^ . steradian) . 
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Captions for the Figures 
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1. Tq, and Tg profiles and the position of the aerosol 
layer in each case. 

a) Layer between 800 and 1000 mb (1000 mb - is the level 
of Earth. 

b) Layer between 650 and 500 mb, 

c) Between il00 and 300 mg. 

d) Between 200 and 100 mb. 

2. Relationship At(l) (2a) and (2b) when establishing 

the profile of t^ (1), t^ (2) and tg (3) according to 

the sixth channel (solid line) and according to the fourth 
channel (dashed line). 

3 . Establishing the average profile of t^ (O with the 
presence of a layer with = 0.1 (e^ = 0) and according 
to the sixth channel (3a) and the third channel (3b). 

1 - closed system (measurement error 1 %) 


2 - Layer below 

800 

mb . 


3 - Between 

650 

and 

500 

mb . 

- Between 

i !00 

and 

300 

mb . 

5 - Between 

200 

and 

100 

mb . 
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Transmission Measurements of Radiation In "Transparency Windows " 
of the Ground Layer of the Atmosphere . 

1 . Introduction 


Measurements of the coefficients of attenuation of radia- 
tion of the ground layer of the atmosphere In 0,37 - 13 um 
spectrum range v^ere made in order to study the variations of 
transmission in "transparency windows" of the atmosphere and 
also for evaluating the coi,trlbutlon of water vapor and aerosols 
in the continual attenuation, The meteorological parameters of 
the layer were measured at the same time; Temperature t and 
partial pressure of water vapor e (or relative moisture r), 

Measurements were made for various seasons of the year 
which made it possible to encompass a broad range of changes 
t, e and r and to establish the empirical relationship of 
to meteorological parameters. 

Examples of typical realizations of t, e, r and mois- 
ture content on the course are presented in table 1. 

2. Measurement Methods 


Measurements of the spectral transparency of the atmosphere 
in the 2-3 urn range were presented using an IK-20 dual-beam spectro- 
meter with resolution along the 2 -^ cm~^ spectrum, A glov/ bar 
was used as the radiation source. A system of mirrors provided 
passage of the beam on a course 1300 m long. An example of 
registering spectra of transmission is presented in figure 1 -. 
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A filter photometer graduated in aboolute transmioalon 
values was used for measuring tr^-nsmlsslon in the 0,37~2.2 pm 
range on this same course. The Interferential filters were 
made in eight sections of the spectrum with centers at 0.37, 

0.^12, 0.50, 0.63, 0.78, 1.03, 1.63, 2.23 pm (the half width 
of the filters was 0.01 pm for the first six filters and 0.0^! /22 

pm for the last two). 


Simultaneous measurements of transmission in the 2.3 pm 
"window” by two probes made it possible to make absolute co- 
efficients of attenuation in the entire Infrared range of the 
spectrum. 

-1 

Measurement errors a. do not exceed 0.03 km . 


Results of Statistical Processlnf 


As a result of the statistical processing of o. measurements, 

^ —(X ) 

mean values of the attenuation coefficient were obtained ok’ 
mean quadratic deviations d (x^) (figure 2) and coefficients of 
correlation for the Xj^ wavelength corresponding to 

the "transparency window" (table 2). 

These statistical characteristics make it possible in the 
best way to determine the o^ "window" of the entire spectral 
range by measuring the coefficient of attenuation in one or 
several wavelengths. 
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Table 2. Standardized Co’*-elatlon 
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[Comr.as in the tabulated material are equivalent to decimal points. 
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Figure 1. Recorded transmission of the atmosphere on 

a horizontal course. Recording was obtained 
on February 20, 1973, with a high transparency 
of the atmosphere. The value of the precipi- 
tated layei' of water vapors amounts to 0.19 
g/cm^km. 
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Table 1. Examples of typical realizations of the spectral course of coefficients of radiation 

attenuation o. (km~'^) in "transparency windows” v^ith a ground layer of the atmosphere. 
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